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Abstract 
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Testing Procedure 

A 1 5 inch bv 1 . 125 inch, five ply, 0 C unidirectional 
graphite/epoxy specimen was manufactured by means of wet 
lay-up and is shown in Figure 1 . Two cuts were made on one 
sde of the specimen prior to curing. This was done in order to 
isolate a one sixteenth inch wide bundle of fibers (Figure 2).r 

After curing, the specimen was trimmed to size and 
the edges polished to achieve the final dimensions. Aluminum 
tabs (1.5 X 1.125 X 0.050 inches) were bonded to the specimen 
using the matrix epoxy. Five minute epoxy was then used to 
bond the three R- 1 5 sensors to the specimen. By breaking 
leads at a measured distance from each sensor, good acoustic 
coupling between the sensors and the specimen was verified 
and the wave speed calculated (the difference in measured 
distance from the sensors divided by the difference in the 
recorded arrival time). This procedure was repealed at several 
different positions between the sensors to ensure the accuracy 
of the cal ail at ed value. Using the wave speed and the sensor 
positions, a location array was defined in the LOCAN-AT 
software so that AE event parameters would be part of the 
output data set. The test data presented herein were collected 
using the following AE input parameters: Preamp Gain = 40 
dB, Gain = 20 dB, Threshold = 40 dB, PDT = 30ps, HDT = 

1 50ps and HLT = 300us. Location accuracy was checked by 

breakingleads at one inch from each sensor and at the flaw site. Figure 2. Detafl A - Cut Fiber Cross-Section 
Alter performing the lead breaks, the specimen was gripped in 

an MTS machine. Data acquisition and ramp loading (1 00 pounds per minute) were initiated simultaneously. 
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Figure 1. Longitudinal Split/Fiber Break Specimen 
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The original flaw site (the cut fibers) was located two inches from AE sensor 1 (Figure 1 ). Visual examination of the 
cnedmen after failure revealed the existence of two longitudinal splits emanating from the flaw site and the fracture of the 
aforementioned fiber bundle. One split advanced toward sensor 1, terminating one half inch from the cut section, he second 
split terminated under sensor 2 (three inches from the cut). There were no obvious characteristics in the raw data (1358 
events) that could be dearly assodated with either longitudinal splits or fiber breaks. However, sui^th' fiber un 
factured at the cut fiber cross-section and the longitudinal splits also originated at this position, the AE data from that site 

(Figure 3) were investigated. 




Figure 3. Flaw Site Data (218 Event*) 

This data set contained two discrete data intervals for amplitude, duration, and counts. Since tiieampUtude intervals 
were ver^stinrt (Figure 3), this data set was further subdivided into a set having event amplitudes of 59 dB or lea and one 
having event amplitudes of 60 dB or greater. These two data sets are shown m Figures 4 and 5, respectively. It sho e 
noted 8 that 14 offoe 218 events shown in Figure 3 were lost as a result of subdividing the data into these two ampbtude bands. 
The loss was due to the first hit sensor (the event sensor) having an amplitude in the higher band and the second hit sensor 
having an amplitude in the lower amplitude band. 



Upon review of the data it 
interval. Additionally, the 
almost no overlap in these 


Figure 5. High Amplitude (;> M dB) Flaw Site Data (100 Event.) 

«u daeratined thl! the twenty of the events in both del. sets oe=™dov=, V?* 
duration, counts end enagy cheraaeristics of eoch of the dele subsets indicted thet there we. 

three AE parameters (Table 1). 
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Table 1. Unique Event Characteristics 


■H 

Event Amplitude <; 59 dB (104) j Event Amplitude 2 60 dB HOOI 1 

Event Lead 

800 - 900 lbs. 

800 - 900 lbs. | 

Duration 

£ 200 i is 

> 200 us 

Counts 

<30 

>30 

Energy 

S10 

> 10 


A1 this point we have two mechanisms (fiber breaks and longitudinal splitting) and two distinct data sets but nothin® 
to indicate which mechanism belongs to which data set. It could be argued that fiber breaks store more mechanical energy ° 
than the matrix material, hence, we would expect a fiber break signal to be more energetic. Here the high amplitude signals all 
had energies above 10 units and the low amplitude signals all had energies less than 10 units (Table 1). We would also expect 
that there would be a buddnip of fiber breaks leading up to final fracture of the bundle (Hoskin and Baker Figure 2. 1 0) which 
occurred at 1 600 seconds. Careful study of the Events vs. Time plot for both data sets revealed that there was essentially no 
build-up over time for the low amplitude events (Figure 6(a)), whereas there was a build-up for the high amplitude events 
(Figure 6(b)). 




Figure 6. Time Behavior of Amplitude Data (a) Low Amplitude Event Data 
(b) High Amplitude Event Data. 

Most of the low amplitude events that occurred before t = 1 600 seconds were probably produced by the aforementioned short 
split that propagated toward sensor 1 . This split propagated slowly throughout the load cycle; on the other hand, the longer 
split was not apparent until after the fiber bundle fractured. All of the above suggested that the low amp litude, short duration, 
low counts and energy data were due to longitudinal splitting, while the high amplitude, long duration, high counts and energy 
data were due to fiber breaks. ~ 

Conclusions 

The AE data from discrete fiber breakage and longitudinal splitting at known positions were recorded and 
unambiguously characterized in this work. Using source location as a filter criteria, it was determined that when fiber breaks 
and longitudinal splitting occur at the same position, the stronger signals (high amplitude/energy/counts and long duration) 
resulted from fiber breakage and the weaker signals (low amplrtude/energy/counts and short duration) resulted from 
longitudinal splitting. 
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